1. Peptidase extracted with buffer at pH 5.2 from small samples of tobacco-leaf tissue was assayed by measuring the ac-amino nitrogen liberated from gelatin at 400 in lhr. The rate of hydrolysis was constant during the digestion. 2. The inclusion of sodium thioglycollate (60mm) in the extracting medium increased the activity of the peptidase. 3. As the major products of hydrolysis were peptides, the enzyme is an endopeptidase. 4. The decrease in protein observed in leaves with increasing physiological age and with time after harvest is correlated with increase in specific activity of peptidase in extracts from the leaves.
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In the mature tobacco plant the concentration of protein and soluble nitrogen is lower in the older than the younger leaves (Mothes, 1931; Noguchi & Tamaki, 1962) ; after harvest, protein nitrogen decreases with time but soluble nitrogen increases (Vickery, Pucher, Wakeman & Leavenworth, 1937; Weinstein & Porter, 1962) . Changes in activity of peptidase are examined here in relation to the decrease in concentration of protein with increase in physiological age and with time after harvest. This work precedes a study of the mechanism of action of 6-furfurylaminopurine (kinetin) in delaying senescence in leaf tissue of tobacco.
Previous assays of peptidase extracted from leaf tissue required digestion for at least 24hr. or preparation of acetone-dried powders. When thioglycollate was added to the extracting medium, as in the method reported here, accurate assays required lhr. only. The properties of peptidase reported here confirm and extend the work of Tracey (1948) .
MATERIALS AND METHODS Tobacco plants (Nicotiana tabacum L., cultivar Virginian
Gold) were grown in a glass-house at not less than 130. The supply of N to the plants was lowered by growing them in small pots, which produces plants high in peptidase per unit leaf protein (Holden & Tracey, 1948) 7-8 18-9 37-8 prevent darkening or increase activity. The activity was higher when sodium thioglycollate (30mM) was included in the incubating medium, as observed by Tracey (1948) and Singh (1962) , but also when sodium thioglycollate (60mM) was included in the extracting medium the activity increased by a further factor of 2-4, and darkening was inhibited during extraction and assay (Table 1) . Addition of thioglycollate to the digest immediately before adding it to the ninhydrin reagent did not increase the value of AE570.
The activity of peptidase was measured in extracts from replicate samples of leaf disks by using extracting media containing sodium thioglycollate (between 1 and 1 10mm). The activity with sodium thioglycollate above 10mM was approximately sixfold that with 0-5mM-thioglycollate (Fig. 1) . Thus the concentration used for assay (60mM) is well within the optimum range found in this experiment.
Relative activity of peptidase upon different substrates. As some of the substrates tested were relatively insoluble at pH 5-2 extraction and assays were made at pH 7 0. Substrates included fraction I protein prepared from tobacco leafby the method of Wildman & Bonner (1947) . This preparation contained little activity of peptidase. Casein, with the highest AE570 at pH7 (Table 2) , was relatively insoluble at the optimum pH (pH 5.2) of the enzyme and gave high blank values with ninhydrin. Accordingly, gelatin was used as substrate for subsequent assays. Time -cour8e of the enzymic dige8tion. The hydrolysis of gelatin during an incubation of 2hr. is shown in Fig. 2 . As the rate of hydrolysis was constant for lhr. this time was used for assays rather than the 24hr. incubations used by previous workers (Tracey, 1948; Brady, 1961; Singh, 1962; Tazawa & Hirokawa, 1963) . The rate of hydrolysis calculated after incubation for 24hr. (over chloroform) with a comparable enzyme preparation was much lower (Table 3) . Effect of pH of extraction and assay upon activity of peptidase. Peptidase was extracted with medium ranging from pH4 to 7. All extracts were dialysed against extracting medium at pH5.5. The optimum for absolute activity was at pH5.2 and above (Fig. 3) but the optimum for specific activity was at pH4.9, showing that the enzyme protein was extracted preferentially at values below pH 5.2. Samples of a large batch of enzyme extracted at pH5 5 were dialysed against extracting medium at a range of values between pH4 and 7. Activity of peptidase was measured by incubating at the same pH (Fig. 4) . Effect of pH of extraction upon absolute (o) and specific activity (v) of peptidase. Extracts prepared with media buffered between pH4 and 7 were dialysed against medium buffered at pH5.5 for 24hr. All media contained sodium thioglycollate (60mM). Assays were made atpH5.5. Samples of an extract prepared with medium buffered at pH5.5 were dialysed against media buffered between pH4 and 7 for 24hr. All media contained sodium thioglycollate (60mM). Assays were made at the pH at which the extracts were dialysed. Activities are means of duplicate digestions.
alter the activity or the concentration of protein in the enzyme solution and the rate of the reaction was a linear function of enzyme concentration over the range examined. Dialysis lowered the concentration ofa-amino nitrogen in the enzyme solutions and was used in subsequent preparations. (Fig. 5) .
Determination of the Michaelis constant (Kn
Products treated with ninhydrin, the intensity of the spots at the positions of the free amino acids did not increase after hydrolysis, but ninhydrin-positive streaks with RF lower than the slow-running amino acids appeared more intense. New, fainter spots appeared also, with RF slightly higher than the slow-rurning amino acids. When replicate chromatograms were treated with the spray for peptides (Rydon & Smith, 1952) , the streaks previously detected with ninhydrin appeared intensely black, relatively much darker than they appeared on chromatograms treated with ninhydrin. When E570 was measured in the enzyme digestion from which gelatin had been removed by precipitation with ethanol, the value (corrected by appropriate blank values for gelatin and enzyme) had decreased by 60%. This appeared to be from the loss of peptides of high molecular weight which were insoluble in ethanol. As the products of digestion by the peptidase in the first hour appear to be peptides rather than amino acids, the enzyme is an endopeptidase.
Changes in cell size and concentration of chlorophyll per cell with increase in physiological age of leaf. Two samples offive disks were cut from each ofa series of leaves from a single tobacco plant. Chlorophyll was estimated in one sample and, inthe other, absolute and specific activity of peptidase was 2 2 measured ( Fig. 7) , and, in the second, concentration
; of o-amino nitrogen (Fig. 8) Disks (25) were ground in 3-Oml. of extracting medium. E665 was measured in 25ml. of 80% (v/v) (Fig. 9) . The concentration of a-amino nitrogen increased and that ofchlorophyll decreased throughout the experiment. The concentration of soluble protein decreased, and specific activity of the peptidase increased by a greater factor than absolute activity. All changes were significant after 2 days. DISCUSSION The specific activity of the preparation described here is substantially higher than previous preparations of unpurified peptidase from leaves (Table 3) . The short time of assay used (lhr.) does not account entirely for the higher rate, as this is still 15-fold the rate observed by Tracey (1948) when both are compared with an assay lasting 24hr. Inclusion of thioglycollate in the extracting medium is the most important factor for extracting peptidase with high activity. Cysteine, metabisulphite and dithionite added to the extracting medium increased the activity also. Tracey (1948) and Singh (1962) observed that peptidase was more active when thiols were included in the incubating medium, though Brady (1961) found thiols effective with endogenous substrate only. Preparation of an acetone-dried powder appeared an alternative method of preparing enzyme with high activity from leaves of the tea plant (Sanderson & Roberts, 1964) .
Activity of the enzyme expressed per unit fresh weight dld not change significantly with physiologioal age (Fig. 7) , and if expressed per cell would tend to increase rather than decrease with age of leaf, as cell volumes were higher in older leaves (Fig. 6) . As the soluble protein decreased, specific (Fig. 7) while chlorophyll and ac-amino nitrogen decreased (Fig. 8) . After harvest, peptidase per g. fresh weight increased for 4 days, while soluble protein decreased, accounting for the marked rise in specific activity (Fig. 9) . The decrease in chlorophyll and increase in aamino nitrogen reflect the degradation of protein after harvest. As specific activity of the peptidase increased with physiological age and with time from harvest, peptidase protein appears more stable than the bulk of soluble protein. Similarly, the activity of phosphatase, fl-fructofuranosidase (invertase) and peroxidase remained constant in tobacco leaf for 7 days after harvest (Axelrod & Jagendorf, 1951) . As previous workers have shown that total protein of tobacco leaf decreased with increase in physiological age (Mothes, 1931; Noguchi & Tamaki, 1962) , and with time from harvest (Vickery et al. 1937 ), the effect is unlikely to be due to a change in the proportion of the leaf protein soluble in buffer at pH52. Stability of peptidase is consistent with nitrogen moving from old to young leaves (Watson & Petrie, 1940) and with the pattern of senescence in leaves before and after harvest. This work was supported by a grant from the Rural Credits Development Fund of Australia.
